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RECENT STATUS OF TROCHOIDAL TYPE COMPRESSORS
 FOR HEAT 




The development of trochoidal type heat pu
mp compres-
sors will be discussed. Evaluating the the
oretical de-
sign parameters advantages and disadvantage
s of various 
principal versions of those machines will b
e considered 
in detail. Based on this consideration the 
hardware de-
velopment of some trochoidal type compres
sors will be 
described as has been made in various Germa
n companies. 
Finally the design of the 1 : 2 version w
ill be pre-
sented and test results will be dealt with
. Resulting 
from this evaluation, conclusions regardin
g the recent 
status of trochoidal compressors will be d
rawn as far 
as the behaviour in heat pump application i
s concerned. 
Dr.-Ing. Friedrich Wrede, 
Neumag GmbH, Neumlinster, West Germany 
Prof. Dr.-Ing. Horst Kruse, 
Universit~t Hannover, West Germany 
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Part 1 
RECENT STATUS OF TROCHOIDAL TYPE HEAT PUMP COMPRESSORS 
IN GERMANY 
Introduction 
During the last decade, especially in the field of refrigeration, a growing interest in the application of rotary compressors can be stated. 
Starting with the screw compressor at the upper and the rolling piston or stationary vane compressor at the lower end of the capacity range now the scroll compres-sor seems to start competing with the reciprocating compressor in the medium range. 
Besides these important design principles of the rotary compressors also other designs have gained a certain market share like the rotary vane compressor and the single screw compressor for example. Especial-ly in the field of automotive air conditioning compres-sors all kinds of design principles can be found and have been compared experimentally (1). 
All the mentioned types of rotary compressors are equipped only to a more or less degree with self ad-justable, sliding sealing elements, like the recipro-cating compressor with the piston ring has. For example, the screw compressor has only fixed, non-ad-justable sealing stripes on the tips of the rotors. The scroll compressor also can have on the side tips of the scrolls sealing stripes which could be made adjustable at least at the stationary scroll (2). The rolling pis-ton as well as the rotary vane compressor are equipped with sealing, adjustable vanes in the housing or the rotor respectively. 
Nevertheless, in no case of these types of rotary compressors is there a closed sealing borderline be-tween high and low pressure side like the reciprocating compressor in the form of the piston ring has, ne-glecting the very small ring opening gap. Rotary and stationary vane compressors have at least no sealing elements at the axial sides of the rotors and at the smallest radial gap between rotor and cylinder. Screw and scroll compressors have unsealed gaps between the rotors and between the rotor and housing. In order to seal these gaps adequately for a good performance they must be minimized with as small as possible production tolerances of both machine elements forming the gaps. This requires an excellent manufacturing technique 
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which nowadays is not such a problem in compressor 
technology than in former times when the rotary rna~ 
chines because of leakage problems lost market share 
against the reciprocating compressor. Nevertheless with 
todays possible small gaps these have to be sealed ad-
ditionally in order to reach adequate compressor per-
formance. This is commonly done by using oils as 
additional sealing element. For this purpose the oil is 
stored in a high pressure oil accumulator allowing it 
to fill tGe gaps by flowing back to the suction side of 
the compressor. The high pressure oil storage on the 
other side has the disadvantage of high refrigerant 
solubility in the oil and consequently lower viscosity 
for lubrication purposes (3). 
On the contrary, the reciprocating compressor, 
because of its closed sealing borderline at the piston 
ring, does not need minimized gaps and an additional 
oil backflow through the seal. Therefore it allows an 
oil storage in the crankcase under suction pressure 
with the advantage of low solubility and high viscosity 
of the oil refrigerant mixture. 
A rotary compressor with these advantages as a re-
ciprocating machine should be a very interesting com-
pressor for refrigeration and heat pump application. It 
would not require extremely small and expensive manu-
facturing tolerances, would not need the oil for 
sealing and could keep it therefore on the low pressure 
side like the reciprocating compressor. Further it 
would allow to run with higher speeds than the recipro-
cating compressors, for example, in case of applying 
inverter speed control or for combustion engine driven 
heat pumps. 
Development of Trochoidal Machines 
Rotary machines have been invented in a lot of con-
figurations since the invention of the reciprocating 
machine but without sufficient oil injection for 
sealing the clearances they have failed, especially in 
the engine and air compressor field because of leakage 
problems. 
Only Felix Wankel, trying to design a rotary en-
gine since 1926 by studying the sealing problems for 
this purpose, evaluated the functioning and importance 
of self-adjustable sealing elements and a closed 
sealing borderline. For rotary machines this includes, 
besides radial and axial sealing stripes, also a corner 
sealing by sealing bolts, see figure 1. 
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Fig. 1: Wankel sealing System for Trochoidal Machines 
Wankel, in a very thorough evaluation of possible candidates as rotary machines, had fourd opt that the trochoidal type machines, especially from the sealing point of view, show advantages against other types (4) because of their inherent possibl~ty pf fixed geometric points producing the trochoid geometry. These fixed points can be used as sealing points between rotor and cylinder. 
~IIIW'd 1943 
Fig. 2: Historical Concepts of Trochoidal Machines 
Although in t~e past trochoidal machines have been proposed already in t9days configuration, see Fig. 2, they too failed beca~se of sealing problems like other rotary concepts without oil injection until Felix Wankel and the NSU Motor Company in 1954 presented the invention of such trochoidal type machine with a closed sealing borderline. Besides the first rotary engine the 
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Wankel licensee NSU Motor Company, in 1956
 also deve-
loped a similar rotary air compressor 
for super-
charging application of the NSU motorcycl
e for world 
speed records. This led to the Wankel Com
pressor li-
cense for the Borsig Company which present
ed its first 
air compressor at the Hannover Fair 196
2 (5). The 
engine as well as the compressor both had
 a rotating 
cylinder with 2 lobes and a rotary piston w
ith 3 apexes 
in order to have no external mass forces w
hich must be 
balanced. Both designs are shown in F~g. 3. 
Fig. 3: First Wankel -Engine and Compressor Design
: NSU-
Wankel Engine and Borsig~wankel Air Compre
ssor. 
They were modi;f:i,ect later to a version with 
a stationary 
cylinder and consequently a pistop with pl
anetary in-
stead of rotary motion. The centrifugal fo
rces can now 
be equalized by counterweights so that also
 no external 
mass forces e~ist. 
The trochoidal design in this way offers t
he spe-
cial advantage of a closed sealipg borcter
line and the 
favorable oil storage on the suction sid
e like the 
reciprocating compressor but has yet the p
ossibilities 
of higher speeds. Therefore this type of r
efrigeration 
compressor shall pe especially dealt with h
ere. 
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Trochoidal Geometries ror Computer Application 
Trochoidal curvatures can be PrOduced by the 
rolling motion of one circle out$ide or inside the cir-
cumference of a basic circle, producing either epitro-
choids or hypotrochoids respectively. According to the 
diameter ratio of both circles DR/DB trochoids with 
different numbers of +obes can be gained but to get a 
closed curvature the ratio has to be of two integer 
numbers. So for a diameter ratio of basic and rolling 
circle of 1 : 1 and 2 : 1 the following epitrochoids 
can be drawn by one generating vector R rotating with 







TWO LOBES TROCHOID 
·bostc: 
Cn'Cle 
Fig. 4: Gene~~tion of One and Two Lobe Epitrochoids 
Fig. 5: Two Kinds of Gener~ting Epitrochoids 
The same epitroc{lo~ds can be gained .if the inner circumference of a larger rolling circle swings around 
a fixed circle (6) as .shown in Fig. 5 for the two lobe 
version. In this case the diameter ratio must be 2 : 3, for the one lobe version 1 : 2. , 
Hypotrochoids can be drawn ~imilarly by roliing the 
generating circle inside the fixed basic circle. Both types of trochoids can be used either as cylinder or piston forms respectively. 
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So four types of trochoidal machines can be d
esigned, 
based either on hypo- or epitrochoids, where 
always 
the counterpart of the trochoid, piston or 
cylinder 
respectively bears the sealing elements at the
 end of 
the vector R as trochoid curvature producing 
points, 
see Fig. 6. The enveloping counterpart must be at leas
t 
of that shape that during rotation of the pisto
n on an 
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Fig. 6: Possible Versions of Epi- and Hypotrochoida
l 
Machines 
i Diameter Ratio of Generating Circles 
E - Tbeoretical Compression Ratio 
~max - Maximum Inclination Angle of Sealing 
Elements against Trochoid 
As can be seen in this figure the counterpart 
of 
the trochoid has always one apex more than the 
trochoid 
itself. In the case of a trochoidal cylin
der the 
apexes of the piston show a slipping motion along the 
inner cylinder surface, on the contrary a tro
choidal 
piston shows a gear like motion. The comprespio
n ratios 
shown for engine purposes lead to the co
nclusion 
that all hypotrochoids are by no means possible
 candi-
dates for compressor technology since for this
 purpose 
for good volumetric and energetic performance
 an as 
high as possible compression ratio or as low a
s possi-
ble clearance volume is necessary. 
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Compression Ratio e = 
v c 
Clearance Ratio 
with V = Compression Volume c 
V Swept Volume s 
€ - 1 
Clearance ratios of 3 - 6% in compressor technology are the normal achievable range. The smaller values are common with flapper valves. This means a range of com-pression ratio between 17 and 34. If this restriction for compressor technology, because of volumetric and energetic efficiency, will be required when designing a trochoidal type compressor more or less only the first two candidates with epitrochoidal cylinders and all candidates with epitrochoidal pistons can be looked at for compressor technology. Additional valve ports, clearances etc. decrease further the real compression ration so that it is smaller than the ideal shown in this figure. 
The latter candidates as developed, for instance, by Dornier (1 : 2) and VW (4 : 5) (7) as refrigerant compressors for heat pump and automative air condi-tioning purposes respectively, because of several problems with the loading of the synchronizing gears and the radial and axial sealings, have not reached readiness for series production. The necessity to lo-cate the sealing elements as well as onto the cylinder and also the side plates does not allow the design of a closed sealing borderline {4). 
On the contrary, only the two remaining candidates with an epitrochoidal cylinder offer the advantage of such a closed sealing loop. They have been developed up to now as well as refrigerant and also as air compres-sors ready for production. 
Theoretical Evaluation for Compressor Application 
In order to evaluate their performance as heat pump compressors, especially as far as the requirement for a low clearance volume is concerned, the following theo-retical considerations shall be made. 
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As shown in Fig. 5 a point connected at the dis-
tance R from the center of a circle RR swinging around 
another circle RB describes the geometry of the tro-
choid. This curvature producing point can bear the 
sealings of a rotary piston touching the trochoidal 
cylinder whereby the piston is connected to the rolling 
gear, the fixed gear to the trochoidal cylinder in 
order to synchronize the motion of the piston inside 
the trochoidal cylinder. 
According to Fig. 7 the x, y - coordinates of the 
trochoid are: 
Fig. 7: Geometry of Generating Vectors of the Trochoid 
with Equidistance "a" to Real Cylinder Wall 
x = e cos a + R cos S 
y = e sin a + R sin B 
and with e R -R RB 
i = RB I RR 
in polarcoordinates 
r = Ve2 + E2 + 2 e R cos ia 
For the same swept volume, as shown in Fig. 8 (4), 
according to the ratio ~/e different trochoid shapes 
with different compression ratios can be designed. 
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rp = 15° 
R/e = 11,5 
"'"""= 30 
am,n = 3,5°/o 
ip = 25° 
R/e = 7.1 
~..,,= 18 
O'rmn ::; 5,9 o;l) 
rp = 50° 
R/e = 39 
£max:; 10 
O"mm =: 11o/o 
Fig. 8: Engine Geometry for Different R/e Ratios 
This leads on the other hand to different trochoid sizes and different eccentricities e, that way that for higher compression ratios larger trochoid sizes and smaller eccentricities are the consequence. Smaller eccentricities e lead further to smaller sizes of the basic circle represented by its radius RB 
i = e ---
1 - 1 
and consequently to smaller fixed outer gears at the housing. 
Since the eccentric shaft of the machine, if it is supported at both sides of the piston by bearings, must be smaller in diameter than the stationary gear a prob-lem can arise for higher compression ratios that the larger trochoid and piston sizes create higher gas forces which cannot be beared adequately by the rela-tive thin eccentric shaft. In this case only cantile-vered bearings on the drive side of the shaft are pos-sible which is from the point of view of bearing forces easier to handle for compressor than for engine techno-logy. 
On the other side, larger stationary gears lead to also larger piston gears and a possible problem of lo-cating adequately the side sealing elements can arise, see Fig. 8. From these points of view the geometry of both epitrochoidal versions with ratios R8 /RR of 1 : 2 and 2 : 3 shall be investigated in order to get a clea-rance ratio in the normal range as required for com-pressor technology indicating as result of the evalua-
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tion the consequences as far as the overall dim
en-
sions, the diameter of the stationary gear at t
he 
housing and the piston gear are concerned. The over
all 
dimensions shall be represented in this investigati
on 
by the inner area of trochoid, the diameters of t
he 
gears shall be given in ratios to the force creati
ng 
area at the piston or the minimum piston dimensi
on 
respectively. 
As can be seen from F~g. 8, for determining the 





The swept volume per chamber is Vs = Vmax - Vmin· 
It is given for all trochoidal machines generally (
8) 
by: 
v s e R 
B ~·sin 
z - 1 
1T 
z 
where B is the width of the housing and z represen
ts 
the number of apexes of the piston. 
The corresponding cross-sectional area of the compr
es-
sion volume is given by: 
Ac = A.r - ApE - Awe 
where A.r = Area of Trochoidal Cylinder 
ApE= Enveloping Area of Piston 
Awe= Area of the working Chambers 
These Areas are 8 
~ = 1T R
2 + z e 2 
R
2 + 2 e 
2 
- 6 eR cos o.p max 
- (2 R2+ 4 z e2)~ 
z max 
with o.p max= arcsin zRe 
The relative clearance volume as determined by 
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these equations is the minimum theoretical value. 
Because of several nonideal parameters of the real 
machine this minimum clearance volume cannot be gained. 
First, in order to seal the working chambers at the 
piston apexes the inner cylinder surface must be manu-
factured with a certain equidistance "a" from the tro-
choid as shown in Fig. 7 to allow the sealing stripes 
outside the piston apexes a permanent sliding contact 
to the cylinder wall with changing inclination angle. 
The maximum inclination angle 
. e 
~ : arcs~n z --max R 
depends on the ratio R/e. The sealing stripes at the 
apexes must be of that height outside the apexes that 
they form there a half circle at the given stripe di-
mension which is in the range of 1.5 mm for compressor 
technology. 
Further, because of manufacturing problems, the 
shape of the piston instead of an envelope curve is ap-
proximated by adequate circles. This means an additio-
nal clearance volume between circle shaped piston sur-
face area and trochoidal cylinder. 
Additionally, manufacturing clearances between pis-
ton and cylinders as well as discharge valve ports cre-
ate further dead space. 
Results of Calculations 
The results of the theoretical investigation for 
the two trochoidal machines always made for the same 
swept volume of 160 cm 3 , as required for German heating 
only heat pump compressors were gained by variation of 
the ratio R/e in the range of 4 to 13.5. As can be seen 
from Fig. 9, the extremes of the geometry in this range 
show large and small dead spaces combined with smaller 
and larger overall dimensions as well as larger and 
smaller synchronizing gears respectively. 
In the 2 3 version with the smallest dimensions as 
shown it is not possible to include the piston gear at 
the flank of the triangle shaped piston. The achievable 
clearance ratios, together with the overall dimensions 
expressed by the cross sectional area of the trochoidal 
cylinder are given for both trochoidal machine versions 
i = 2 : 3 as function of the ratio R/e, see Fig. 10. 
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ee 
Rle =4 R!e = 4 
R!e = 13.5 R!e=13 5 
Fig. 9: Configurations of Piston and Cylinder for R/e 
Ratios of 4 and 13.5 fdr the 1 : 2 and 2 : 3 
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6 12 15 ° R/e 9 
Fig. 10: Clearance Ratio cr and Trochoid Size
 AT as 
Function of R/e 
Parameter: 1 2 and 2 : 3 __ version 
C circle shaped piston flank 
E enveloping piston flank shape 
+a each with equidistance a 
to cylinder wall 
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The clearance ratios are shown for the enveloping 
piston with and without the equidistance a= 1.5 mm as 
necessary for the sealing elements, as well as for the 
circle shaped piston flanks respectively. 
It can be seen that the theoretical clearance ratio 
with an enveloping piston decreases and cylinder size 
increases with growing R/e whereby the influence of the 
circle shaped piston surface area increases generally 
this clearance ratio. Taking into account the equidis-
tance "a" the clearance ratio shows a minimum at a 
certain R/e ratio which should be the optimum design. 
Comparing the 1 : 2 and the 2 : 3 version it can be 
seen that a clearance ratio as normally used in recip-
rocating compressor technology of 3 to 6% can hardly 
be achieved with the 2 : 3 version, especially if the 
distance "a" and additional clearances and valve ports 
have to be taken into account. Since volumetric and 
energetic efficiencies are a function of the clearance 
volume a poorer performance of the 2 : 3 version can be 
predicted. Whereas the poorer volumetric efficiency can 
be compensated by a larger swept volume there is not 
such an easy mean to avoid the energetic losses as cre-
ated by the larger clearance volume. On the other hand 
the isentropic efficiency depends on the influence of 
the clearance volume. This is because of the heat 
transfer between walls and gas depends not only on the 
volume but also on the surface to volume ratio which is 
larger for the 1 2 compressor version. Test results 
are necessary to evaluate this influence. 
Where the gear diameters are concerned it can be 
seen from Fig. 11 that the 1 : 2 version is more cri-
tical in this respect as far as the possible shaft dia-
meter through the stationary gear is concerned. 
For the stationary gear diameter the ratio of the 
distance to the piston apexes is given in this figure 
since this creates the shaft loading forces. 
Here an easier design of the 2 : 3 version is pos-
sible but compressor technology allows in comparison to 
engine technology the design of a machine with cantile-
vered bearings only at one side of the rotor, so that 
this should not cause a design problem. The piston gear 
as compared to the minimum piston dimensions is more 
critical for the 2 : 3 version where already at a R/e 
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Stationary Gear Diameter De to Distance of 
Piston Apexes LA 
Piston Gear Radius RR to Distance Between 
Piston Center and Flank Lmin 
Parameter: i = 1 : 2 and i = 2 : 3 
The conclusion of this theoretical evalua
tion 
should be that for compressor technology the 1 
: 2 ver-
sion because of the smaller clearance ratio, s
hould be 
the better candidate at least for heat pump te
chnology 
where energy efficiency is most important. To
 realize 
such a machine efforts have to be made as far 
as the 
dimensional problems created by the forces a
re con-
cerned. 
Where the energy efficiency is not so importan
t as 
for heat pump application, for example in the 
field of 
automotive air conditioning installatiors a ch
oice of 
the 2 : 3 version may have some advantage especially
 
because of its multiple cylinder characterist
ic com-. 
bined with a smaller torque variation creating 
in that 
way smaller vibrations in a car despite the 
perfect 
mass balances of all trochoidal machines. 
In order to evaluate the difference in torque 
be-
haviour of both versions, calculations have on
ce again 
been made for the same swept volume and R/e r
atio of 
7.3. The gas force Fe of each chamber resulting fr
om 
the pressure onto the piston creates a torque
 at the 
eccentric shaft which is calculated for one cha
mber and 
superimposed according to the sequence of the 
working 
cycle for both versions 1 : 2 and 2 : 3, see Fig. 1
2. 
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Fig. 12: Creation of Eccentric Shaft 
Torque by Gas Pressure 























''" "" ,.. i"~!ZI ••• IOU ·10 
Fig. 13: Torque at the Eccentric Shaft created by each Working Chamber (a) and Total Torque (b) for the 1 : 2 Version and 2 : 3 Version 
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For mobile purposes the multiple cylinder charac-
teristic can be an improtant advantage whereas for sta-
tionary application the torque pulsations of the 1 : 2 
version can be compensated by an adequate flywheel or 
rotor mass of an electric motor. 
As can be seen from the figures for both versions 
no remarkable negative torques can be stated. Therefore 
also no special problems with the synchronizing gears 
should be expected for both versions. 
Part 2 
HISTORY OF TROCHOIDAL COMPRESSORS IN GERMANY 
As mentioned earlier in this context, Borsig was 
the first and main licensee for the so called Wankel 
compressors worldwide in general and especially in 
Germany. Like the developement on the engine side 
started with rotary piston designs with rotating cylin-
ders, the same type was basis of the first compressors 
in this field. A direct analogy .can be stated between 
the first 2 : 3 NSU engine and the compressor develop-
ment at Borsig with 2 : 3 compressors between 1958 and 
1968, see Fig. 3. Whereas the engines had their well 
known problems with wear of sealing systems, the com-
pressor development had a first interruption in 1968 by 
reasons of costly production. The market did not accept 
the necessary high cost/efficiency ratio for this new 
compressor type in a situation where big series of 
screw compressors captured the market for air compres-
sors. For a certain interval the development of tro-
choidal compressors seemed to be stopped until 1971 
when Borsig went back to the rotary piston principle. 
This comeback was done with stationary housing as it is 
actual up to now for both engines and compressors. 
Small air compressors of the type 1 : 2 were designed 
with superior capacity/weight ratios. Their permanent 
problem was thermal load and excessive wear of com-
pressors' components with excessive discharge tempera-
ture and oil decomposition. 
The first energy crises caused Audi NSU to deve-
lop refrigerant compressors for gas engine driven do-
mestic heat pump application. After very intensive 
experimental and theoretical studies in comparing the 
different known types of trochoidal designs with ro-
tating and stationary cylinders of type 2 3 in-
cluding the stationary cylinder type 1 : 2 a decision 
resulted in 1974 to design and manufacture a gas engine 
driven 1 : 2 heat pump compressor. It was a combination 
of 2 : 3 gas fired engine with 1 : 2 compressor, Fig. 
14. 
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Fig. 14: AUDI-NSU-R12 Beat Pump Compressor for Gas 
Engine Driven Heat Pump 
The development concentrated on valve design, breathing characteristics and lubrication conditions. The refrigerant chosen was R12. It can be stated that Audi-NSU's later development report (9) describes the state of the art for that time being. 
Long before the edition of these papers in 1980 the biggest German electrical energy power supplier, RWE, influenced and sponsored aorsig in 1975 to design and build a prototype of a smaller electrical driven 1 : 2 heat pump compressor. Their philosophy was to use R114 as working fluid for thermodynamical reasons in substi-tuting old domestic heating systems with the new elec-trical heat pump design. Fig. 15, shows this first small capacity 1 : 2 type and the relevant design para-meters. 
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semi-hermetic design 
with horizontal shaft, 
swept volume 150 cm'/rev 
Fig. 15: BORSIG-R114 Heat Pump Compressor
 for Electri-
cal Driven Heat Pump. 
By internal reasons of Deutsche Babcoc
k joint 
stock company (parent company of Neumag) t
his develop-
ment was transferred to Neumag Company 
for further 
processing. Sometime in 1978 under licens
e and influ-
ence of Wankel Institute a change was made
 from 1 : 2 
to 2 : 3 type with stationary cylinder. 
The question 
arises whether this was done for poli
tical and/or 
philosophical reasons. The Engineer of F
eb. 15, 1979 
(10)comments this event together with tech
nical details 
especially the big clearance volume of 16%
. Later deve-
lopment could not significantly reduce the
 last figure 
below 10%. 
After all that at Neumag it seemed to be 
necessary 
to make a fundamental analysis of all rel
evant influ-
ences mainly expressed by design parameter
s and perfor-
mance data. The biggest interest for emp
hasized evalu-
ation was the feasible coefficient of
 performance 
COP. Fig. 16 shows a collection of COP da
ta by Stenzel 
(11) from a large comparison collective
 of different 
reciprocating compressors. To make it mor
e evident the 
definitely measured data of two DWM-Cop
eland compre-
ssors are added. These are of a standard
 version type 
DLLB 301 and of type DLLC 303 optimized b
y Reese (12) 
for heat pump application. 
272 
-lO _, _,. 
" -10 'c 
Fig. 16: Coefficient of Performance Fields for Recipro-cating Compressors together with Curves for two DWM-COPELAND Semibermatic Compressors: BDLLD 301 Standard Refrigerated Compressor DLLC 303 Improved Heat Pump Compressor. 
Fig. 17: COP of NEUMAG 2 : 3 Heat P~mp Compressors com-pared to COP of Reciprocating Compressors. 
The comparison in Fig. 17 gains as a result, tnat the 2 : 3 design of that time had poor performance data which was far away from standard. Therefore extensive development was necessary to compete with other conven-tional compressor types. 
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The next step was necessary to evaluate Audi-N
SU's 
report (9) on the 1:2 design to decide whether it
 would 
be reasonable to go back from 2 : 3 to 1 : 2 typ
e. The 
comparison of COP data is given in Fig. 18. 
-30 
ev!lporating ttmpero.ture t11 
Fig. 18: COP of AUDI-NSU 1 : 2 Heat Pump Co
mpressors 
comprared to COP of Reciprocating Compressors. 
This is not the place to describe the compariso
n of all 
performance and design parameters in its tota
l volume. 
The principal ideas are given in the above 
written 
theoretical approach. Finally, the advantages o
f 1 : 2 
type predominated to start a new design. This 
was done 
with all modern tools of computer simulation 
(13) for 
geometric optimization, valve design, bearing
 design 
and lubrication conditions. Fig. 19 shows the 
latest 
state of design of this compressor together w
ith the 
technical data. 
generating radius 55 mm 
eccentricity 7,5 rom 
equidistance 1,5 mm 
swept volume 162 cm'/rev 
dead space 4,97 em' 
vertical shaft 
hermetic design 
Fig. 19: NEUMAG 1 2 Heat Pump Compressor 
274 
DESIGN PROBLEMS ON TROCHOIDAL COMPRESSORS 
Wankel's historical approach to invent the sealing 
system for trochoidal type machines is mentioned above 
and shows that this was the essential key to make this 
principle work. Contrary to internal combustion en-
gines, especially in refrigeration compressors the 
thermal and lubrication conditions for piston sealing 
elements Fig. 1 are not so extremely severe. Derived 
from experience it can be stated that the trochoidal 
compressors sealing elements can be made out of stan-
dard materials (cast iron) like used for piston rings. 
Tolerances for assembly conditions and gaps between 
the different elements can follow the given orders in 
the rules for reciprocating piston machines.The 
configuration of sealing elements and springs, Fig. 1, 
which is the principle version for i.e. engines can 
be significantly simplified and reduced for compressors 
The radial apex sealing can be realized out of one 
piece without spring. Centrifugal forces press the ele-
ments sufficently against the cylinder wall. 
More delicate is the question of how to design the 
bearing and gear system for the piston. Fig. 9 shows by 
geometrical variation of parameters that together with 
minimization of clearance volume (clearance ratio a ) 
the installaion space for piston bearing and gear de-
creases drastically. That needs, on the one hand, a so-
phisticated cyclic path calculation for journal bearing 
and on the other hand almost inevitable profile 
shifting for the piston synchronizing gear. 
Together with journal bearings, an efficient gear 
pump is necessary to lubricate primarily the bearings 
.and last but not least the sealing elements of the pis-
ton and the pistons synchronizing gear. The last can 
become critical because of its extreme location espe-
cially in a vertical shaft compressor version. That 
also leads to the· problem to drain sufficiently the 
inner space of the piston from the lubricant to avoid 
oil splashing into the cylinder. 
The special gas dynamics of trochoidal compressors 
with intake window on the suction side and self-acting 
discharge reed valves make it necessary to study the 
valve dynamics on the discharge side very carefully. 
The use of computer simulation is strongly recommended 
because the history shows a large amount of trials and 
errors. The patent literature for valve designs is 
based on inventions of Wankel Institute and Audi-NSU. 
Nevertheless, besides these special versions like 
typical omega valves, and circle plate valves self-
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acting reed valves (e.g. DWM Copeland design) can be 
used and have been applied successfully. 
In conclusion the design goals can be stated as 
follows: 
- working life of about 50,000 hours 
- maximum pressure difference of 25 bar 
- maximum working pressure of 25 bar 
- compact shape 
- minimal power consumption 
- wide range capacity control 
- applicability for all standard refrigerants 
In general it is always advisable to look for solutions 
of design problems in detail to the recommendations for 
i.e. engines by Bensinger (4). Refrigerant compressors 
of trochoidal type do not, however, need any exotic ma-
terials and production tolerances. 
Latest Performance Data of 1 : 2 Type in Comparison 
with Reciprocating Piston Compressors 
The actual Neumag 1 : 2 trochoidal compressor ver-
sion was designed to operate in a speed range from 500 
min-1 up to 5000 min-1. The reason was a demanded step-
less capacity control. From its nature and suitability 
a high speed range of 3000 min-1 and more is empha-
sized. In this range especially mechanical efficiency 
and volumetric efficiency are even and superior to 
other conventional compressors. 
The Neumag compressor, especially as a trochoidal 
type compressor has a relative small clearance ratio 
of 3.5%. This could only be reached by optimizing the 
piston contour so that a non-constant distance along 
the piston flank is manufactured. Therefore a reason-
able good clearance volumetric efficiency results also 
caused from the absence of suction valves whereas the 
thermometric efficiency is relatively poor. The latter 
is negatively influenced by the heating up of suction 
gas by the housing walls and temporary high oil content 
in the refrigerant. Heating up of suction gas depends 
here mainly on the principle of breathing or loading 
the cylinder with suction gas. Contrary to recipro-
cating piston compressors there is no reciprocating, 
that means alternating gas flow, to the working cham-
ber. In the low speed range the heating up of suction 
gas and decrease of thermometric efficiency is clearly 
evident. That needs for necessary improvement further 
experimental investigation and design improvement. 
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Kaiser (14), in a recent comprepensiv~ exp~rimen~ tal and the9retical study compared the efficiency and performance characteristics of different types of re-
ciprocating and rotary piston compressors. In the fol-
lowing the essential results will be d~scussed in com-paring the NEUMAG 1 : 2 against an optimized BOCK 2 cy-
linder reciprocating piston compressor with the fol~ lowing design data. 
Neumag Bock ___,_,..... 
swept volujlle/rev 162 cm 3 232 em' dead :opace 4.97 em' 6.26 ern' c],earance ratio 3.05 % 3.13 % 
For minimal energy consumption as concerning heat pump compressors, mainly the mechanical efficiency ~ m and indicated isentropic effic~ency ~i are responsi-ble. These together describe the effective isentropic efficiency ~e as tne ratio between theoretically re-quired power to that actually required at the drive shaft. 
Fig. 20 shows tne comparison of mechanical effici~ 
ency ~ rn versus speed on the left hand side for the reciprocating piston compressor and on the right hand side for the troch9idal compressor, 
~o e~porotin tempernt r~ 




Fig. 20: Mechanical ~fficiencies for the Reciprocating 
2 Cylinder BOCK and the 1 : 2 NEUMAG Heat Pump Compressor. 
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Generally, as mentioned before, the trochoid' com-
pressor reveals a tendency to higher mechanical effici-
ency contrary to the reciprocating piston compressor 
with maximum values at higher speeds. The substantia-
tion is basically that the frictional losses caused by 
machine elements like bearings and sealing elements are 
smaller for this rotary compressor because of its lower 
number of parts involved. The deviating characteristic 
of 1 : 2 compressor versus increasing speed is because 
of different thermal behaviour. With higher speed and 
increased load from pressure difference, the mechani-
cal losses are here mainly influenced from oil viscosi-
ty on the resulting higher temperature level. 
Fig. 21 shows the indicated isentropic efficiency 
versus speed. The trochoid compressors figures on the 
right hand side are in general on a lower level. This 
is because of dependance mainly from internal heat 
exchange e.g. heating up of suction gas, wall losses, 
and in dependency addition from valve losses. It is 




speed n=[1/mln) speed n= [ 1/min I 
Fig. 21: Indicated isentropic Efficiencies for the Re-
ciprocating 2 Cylinder BOCK and the 1 2 
NEUMAG Heat Pump Compressor. 
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Result~ng from both mechanical apd indicated isen-
tropic efficiencies the effeo~ive ~sentropic effieiency 
in Fig. 22 reveals lower level for the 1 : 2 compres-
sor. The Qharacteristic is dpminated bY the Significant influence of inqicated isentropic efficiency. The trend 
of the decrease to lower speeds and orastically to-
gether with high pressure differences in this area 
refers to gas overflow at the radial seals because of 
their poor function in the low speed range under these 
conditions. Concerning the working regimen of heat pump 
compressors this area of low speed together with high 
pressure (temperature) diffeDence is nearly unimpor-
tant. When heating during low outside temperatures most 
likely high capacity and therefore high speed is neces-sary. 
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Fig. 22: Effective isentropic Efficiencies for the 
Reciprocating 2 Cylinder BO~K and the 1 2 
NEUMAG Heat Pump Compressor. 
Concl¥sion 
For a final evaluation and comparison it was intended to build up a collection of COP values for 
different heat pump concepts using the following com-pressor principles: 
- trochoid rotary compressor NEUMAG 
- hermetic reciproca~ing piston compressor 
MANEUROP 
~ combination of ~wo hermetic reciprocating 
piston twin compressor DANFOSS 
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Fig. 23: Comparison of measured COP for three different 
Heat Pump Compressors 
The COP values from Fig. 23 show clearly that for 
the small 1 : 2 trochoid heat puinp compressor on the 
contrary to the results from Fig. 18 for large capacity 
trochoid compressors the performance level is still 
below that of optimal reciprocating compressors, it in-
cludes in this case the efficiency of the electric mo-
tor. There is further potential for research and deve-
lopment. It should be focused to increasing the ther-
motric . efficiency together with improvement of the in-
ternal heat and gas exchange behaviour and also the ef-
ficiency of the .electric motor. 
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DEVELOPMENT OF OUTER-ENVELOPE TROCHOIDAL CO
MPRESSORS 
Larry Wydra, Project Engineer 
Trochoid Power Corporation, 14789 Martin D
rive, Eden 
Prairie, Minnesota 55344 
ABSTRACT 
This paper discusses the configuration of v
arious 
types of compressors with epitrochoidal geo
metry. Two 
types using an epitrochoidal rotor and a st
ationary 
outer envelope were selected for developme
nt. Proof-
of-concept models have been built and teste
d. 
Proven advantages of these compressors are 
present-
ed, including pressure time curves, torque 
curves, and 
test results showing efficiencies. 
SYMBOLS 
a the radius of .the rolling circle used t
o generate 
trochoids 
b the radius of the base circle used in g
enerating 
trochoids 
c the distance from the center of the rol
ling circle 
to the point that is generating the trochoi
d 
k is equal to R dimensionless constant 
e 
e is equal to c, the eccentricity of a tr
ochoid 
R equals a+b, the generating radius of a 
trochoid 
z is equal to b - 1, the number of apexes in a 
a 
trochoids's envelope 
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